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GEOLOGY  OF  THE  DANA  POINT  QUADRANGLE. 
ORANGE  COUNTY.  CALIFORNIA 

This  report  is  based  on  work  completed  in  1970. 
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INTRODUCTION 

The  geology  of  the  Dana  Point  quadrangle,  located  in  southern 
Orange  County  and  midway  between  Los  Angeles  and  San  Diego ^  was  studied 
during  1968  and  1969  witli  particular  regard  to  surficial  geological 
features.   The  investigation  was  done  in  cooperation  with  the  County 
of  Orange  Road  Department,  Department  of  Building  and  Safety  and  tlie 
Orange  County  Flood  Control  District.   Its  purpose  was  to  produce  a 
geologic  map  having  sufficient  detail  for  use  as  a  basic  reference 
for  determining  potential  hazards  to  urban  development.   The  map  should 
not,  however,  be  used  as  a  Substitute  for  detailed  geologic  site 
investigation. 

Mapping  was  done  with  the  aid  of  1967  airphotos  on  the  7-1/2 
minute  U.S.  Geological  Survey  topographic  quadrangle  enlarged  to 
1:12,000  scale.   Previous  mapping  of  the  quadrangle  by  Vedder,  Yerkes 
and  Schoellhamer  C1957)  of  the  U.S.  Geological  Survey  was  heavily 
relied  upon  for  bedrock  geology  and  stratigraphic  nomenclature. 
Nonetheless,  modifications  were  made  in  areas  of  nev;  exposures  and  in 
areas  where  more  detailed  field  examinations  led  to  new  interpretations. 
Consulting  firms,  including  Moore  i^   Taber,  J.E.  Slosson  ^  Associates, 
Geo-Technical  Consultants  and  Geo-Labs,  provided  detailed  geologic  and 
soils  information  on  some  localities.   Cooperation  of  the  landowners, 
consultants  and  county  officials  is  gratefully  acknowledged. 

The  land  area  of  the  quadrangle  is  divided  into  two  upland  regions 
separated  by  the  southwest-trending,  alluviated  valley  of  San  Juan  Creek, 
Both  upland  areas  consist  of  rounded,  grass  and  brush-covered  hills  of 
moderate  relief  with  broad,  gently  sloping  surfaces  extending  well 
inland  from  the  southwest.   A  prominent,  north-trending  ridge  extends 
about  one  mile  into  the  quadrangle  near  its  northwest  margin.   Maximum 
relief  vvithin  the  area  is  888  feet. 

Exposures  of  bedrock  are  poor  and  scattered  except  along  the 
steeper  parts  of  the  sea  cliffs,  in  some  steepsided  gullies,  and 
along  fresh  or  unvegetated  cut  slopes  graded  during  urban  development. 
No  subsurface  explorations  were  made,  although  drill  logs  of  some 
exploratory  wells  for  petroleum  were  examined. 

Rainfall  averages  between  12  to  15  inches  annually,  nearly  all 
occurring  during  the  late  fall,  winter  and  early  spring.   The  climate 
is  Mediterranean  to  semi-arid  with  tlie  coastal  oceanic  influence 
diminishing  rapidly  inland  toward  the  Santa  Ana  Mountains. 

GEOLOGIC   SETTING 

The  Dana  Point  quadrangle  comprises  a  part  of  the  western  flank 
of  the  Peninsular  Ranges  of  southern  California  and  includes  areas  of 
the  western  foothills  of  the  Santa  Ana  Mountains  and  tlie  southeastern 
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flank  of  the  San  Joaquin  Hills.   Part  of  the  southern  end  of  the 
Capistrano  syncline  occupies  the  central  sector  of  the  quadrangle. 
The  complexly  faulted  anticlinal  structure  of  the  southern  part  of 
the  San  Joaquin  Hills  ejctends  into  the  northwestern  part  of  the 
quadrangle. 

With  the  exception  of  Quaternary  terrace  and  alluvial  deposits, 
all  exposures  are  of  marine  sedimentary  rocks  of  Miocene  and  Pliocene 
age.   The  oldest  rocks,  the  middle  Miocene  Topanga  Formation  and  San 
Onofre  Breccia,  are  exposed  near  the  western  margin  of  the  quadrangle. 
These  rocks  are  the  most  stable  and  resistant  to  erosion  and  form 
topographic  highs  in  this  area.   The  only  outcrop  of  the  Topanga 
Formation  within  the  quadrangle  is  a  lenticular  body  of  cemented 
sandstone  and  conglomeratic  sandstone  exposed  at  Niguel  Hill.   In  the 
slightly  younger  San  Onofre  Breccia,  probably  locally  interbedded 
with  the  Topanga  Formation,  coarse  angular  detritus  of  Catalina 
Schist  is  commonly  dominant. 

A  fairly  continiious  section  of  marine  sedimentary  rocks,  from 
middle  Miocene  through  lower  Pliocene,  is  exposed  to  the  east  of  the 
San  Onofre  Breccia  within  the  quadrangle  (see  Plate  1) .   These 
sediments  include  deep  water  diatomaceous  and  foraminiferal  shales, 
siltstone  and  chert  of  the  Monterey  Formation  and  diatomaceous  and 
silty  shales,  siltstone,  mudstone  and  fine-grained  sandstone  of  the 
Capistrano  Formation.   These  sediments  were  deposited  in  the  Capistrano 
embayment  (Fernandez,  1959  and  Ingel,  1962)  during  the  development  of 
the  Capistrano  syncline.   Subsequently,  regional  uplift  and  erosion 
occurred  followed  by  subsidence  during  which  time  the  late  Pliocene 
Niguel  Formation  (Vedder  and  others,  1957)  was  unconformably  deposited 
upon  the  Capistrano  Formation.  The  Niguel  Formation  is  primarily 
made  up  of  fine-grained  sandstone  and  sandy  siltstone  and  locally 
contains  a  basal  conglomerate. 

Gradual  emergence  of  the  region  from  the  sea  occurred  in  Pleisto- 
cene time  and  numerous  wave-cut  platforms,  most  of  which  were  covered 
by  thin  marine  terrace  deposits,  were  formed  as  the  sea  receded  from 
the  land.   The  erosion  of  adjacent  highlands  provided  a  nonmarine 
sedimentary  cover  on  most  marine  terrace  deposits.   Pronounced 
elevation  and  erosion  of  the  Santa  Ana  Mountains  produced  gravel  and 
finer  sediments  that  are  locally  preserved  as  stream  terrace  deposits, 
especially  along  the  northern  banks  of  San  Juan  Creek.   Accelerated 
erosion  during  periods  of  heavy  rainfall,  coupled  with  the  lowering 
of  the  base  sea  level  during  Quaternary  times,  resulted  in  the 
oversteepening  of  many  slopes  along  major  drainage  courses.   As  a 
result,  major  landslides  occurred,  especially  in  the  weak  sedimentary 
rocks  of  the  Capistrano  Formation.   Many  of  these  landslides  are  at 
present  difficult  to  identify  due  to  long  periods  of  erosion  that 
subdued  their  geomorphic  features.   Some  slides  have  been  partially 
buttressed  by  alluvium.   Erosion  and  alluvial  deposition  is  still 
taking  place  along  with  landsliding  caused  by  a  variety  of  geologic 
factors. 
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Marine  and  Continental  Terrace 
Deposits  —  conglomerate, 
gravel,  sand  and  silt 
commonly  interbedded. 


Niguel  Formation  —  fine 
sandstone  and  sandy 
siltstone,  locally  with 
basal  conglomerate. 

Capistrano  Formation  — 

siltstone,  mudstone  and 
soft  diatomaceous  and 
silty  shale  with  minor 
sandstone  beds  and  lenses, 
locally  with  channels 
filled  by  coarse  sandstone, 
breccia  and  conglomerate, 
and  minor  calcareous  shale 
beds  and  lenses. 

Monterey  Formation  

interbedded  diatomaceous, 
silty  and  siliceous  shale 
and  siltstone  with  minor 
chert,  limestone  and 
calcareous  shale  beds  and 
lenses. 

San  Onofre  Breccia  — 

sedimentary  breccia  and 
conglomerate  with  coarse  sand, 
angular  to  rounded  boulders, 
cobbles  and  pebbles  of 
schist,  quartzite  and  gabbro 
in  sandy  and  earthy  matrices, 
locally  interbedded  with 
sandstone  and  sandy  siltstone. 

Topanga  Formation  sandstone 

and  conglomeratic  sandstone. 
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The  region  is  underlain  b/  essentially  the  same  sedimentary 
sequence  of  older  Tertiary  and  Cretaceous  rocks  that  are  exposed 
eastward  on  the  western  flank  of  the  Santa  Ana  Mountains,  but 
surficial  exposures  of  these  older  rocks  are  lacking  in  the  study 
area. 

LANDSLIDES  AND  SLOPE  STABILITY 

Landslides  are  both  numerous  and  widespread  within  the  Dana  Point 
quadrangle  and  range  in  size  from  a  few  square  feet  to  more  than  450 
acres.   Landslides  appear  to  occur  in  greater  abundance  on  northerly 
and  easterly  facing  slopes,  where  evaporation  rates  are  lower  than  on 
southerly  and  westerly  facing  slopes.   Inherently  weak  rock  types, 
such  as  those  found  in  the  Capistrano  and  Monterey  Formations,  and 
other  rocks  containing  adversely  dipping  planar  features  such  as  faults, 
joints  and  bedding  planes,  are  also  factors  directly  related  to  land- 
slide causation  in  this  area.  Most  landslides  within  the  quadrangle 
are  rotational  slumps  modified  in  varying  degrees  by  local  structural 
features.   Rockfalls  and  rockslides  from  the  sea  cliff  are  also  common 
along  much  of  the  seacoast.   Slopes  underlain  by  the  Topanga  Formation 
and  the  San  Onofre  Breccia,  comprised  mainly  of  sandstone  and  conglomer- 
ate, are  much  more  stable  than  those  underlain  by  the  fine-grained  rocks 
of  the  Monterey  and  Capistrano  Formations. 

The  larger  landslides  are  situated  in  two  areas  in  the  northeastern 
part  of  the  quadrangle:   1)  along  the  southeast  side  of  the  San  Juan 
Creek  and  2)  adjacent  to  Prima  Deshecha  Cafiada.   Steep  slopes  in  these 
two  areas  v^rere  probably  formed  during  the  late  Wisconsin  glaciation 
low  stand  of  sea  level  when  incisement  of  river  valleys  v;as  relatively 
rapid.   One  landslide  along  a  southern  tributary  of  San  Juan  Creek  was 
dated  17,180  (±  750}  years  before  present  by  carbon  14  dating  techniques 
on  wood  found  in  soil  buried  by  the  landslide  (Stout,  1969).  Although 
many  slope  failures  are  ancient  and  partly  buttressed  by  alluvial 
deposits,  they  may  still  be  susceptible  to  renewed  sliding. 

Several  major  landslides  have  occurred  along  the  sea  cliff 
northwest  of  Dana  Point.   Tliese  are  modified  rotational  slumps  in 
sharply  folded  beds  of  the  Monterey  and  Capistrano  Formations.   Wave 
erosion  of  the  lower  portions  of  these  landslides  or  the  addition  of 
water  to  these  already  unstable  deposits  could  initiate  renewed 
movement  of  these  old  slide  masses. 

Rockslides  and  debris  slides  are  especially  prominent  along  the 
inland  side  of  State  Highway  1,  from  the  mouth  of  San  Juan  Creek 
southeastward  into  the  City  of  San  Clemente.  Although  protected  from 
wave  erosion  by  the  beach  and  highway,  the  sea  cliff  is  failing  at  an 
accelerated  rate  due  to  increased  seepage  from  heavy  periodic  rainfall 
and  irrigation  of  yards  in  the  urbanizing  areas  inland.   Similar 

failures  will  take  place  wherever  steep  slopes  composed  of  inherently 
weak  sedimentary  rocks  are  subjected  to  a  large  increase  in  water  content 
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Several  small  block-glide  landslides  -  the  unit  movement  of  rock 
materials  along  a  planar  surface  -  have  occurred  during  and  since  the 
1969  rainstorms  in  the  cut  slope  along  the  ramp  from  Highway  1  to  the 
San  Diego  Freeway.   The  landslides  are  in  "daylighted"  north-dipping 
shale  beds  of  the  lower  Capistrano  Formation.   Landslides,  including 
shallow  earthflows,  are  caramon  elsewhere  in  the  Capistrano  Formation. 
These  landslide  deposits  appear  to  range  in  areal  extent  from  a  few 
square  feet  to  many  acres,  and  in  thickness  from  a  few  inches  to  40 
or  more  feet.  Most  are  located  along  steepsided  tributary  canyons  or 
along  prominent  bedrock  ridges. 

Sandstone  of  the  Topanga  Formation,  lacking  the  typical  silt stone 
interbeds,  is  exposed  in  the  northwestern  part  of  the  quadrangle.  The 
sandstone  dips  moderately  and  uniformly  toward  the  west  and  is  partly 
bounded  by  steeply  dipping  faults.  The  sandstone  does  not  appear  to 
be  extensively  sheared  even  when  in  proximity  to  faults.  The  formation 
is  stable  in  natural  slopes.  These  beds,  if  exposed  by  grading, 
however,  could  undergo  differential  erosion,  possibly  leading  to 
massive,  bedding  plane  slope  failures. 

The  San  Onofre  Breccia  appears  to  be  a  relatively  stable  unit.  A 
few  large  rock  falls  and  block -glides  have  occurred  along  the  sea  cliffs 
and  from  steep  faces  formed  by  differential  erosion  along  steeply- 
dipping  faults.  On  inland  slopes,  large  blocks  of  breccia  and  boulders 
have  weathered  out  of  the  matrix  and  balance  precariously  on  steep  slopes, 
These  are  distinct  hazards  to  the  activities  of  man  downslope. 

Debris  flows  and  earthflows  have  occurred  during  and  after  heavy 
rainfall  in  areas  of  loose  boulders  and  deep  soils,  especially  in 
those  areas  of  soils  derived  from  the  earthy-matrix  facies  of  the  San 
Onofre  Breccia  (see  Description  of  Bedrock  Units) .   Infiltration  of 
rainwater  is  increased  by  shrinkage  cracks  in  the  expansive  soils  of 
the  earthy-matrix.   The  moisture  accelerates  weathering,  reduces  soil 
strength  and  adds  weight  to  the  rock  and  soil.  Water  also  lubricates 
planes  of  potential  failure  at  the  soil-bedrock  contact  and  along 
fault  surfaces  within  the  rock. 

Uniform  cut  slopes  are  difficult  to  attain  in  the  San  Onofre 
Breccia  due  to  great  differences  in  local  cementation  and  in  included 
rock  sizes.  Moderately  steep  natural  slopes  -  even  those  unprotected 
by  vegetation  -  are  commonly  more  stable  than  the  gentle  slopes 
because  they  are  generally  composed  of  more  resistant  facies  of  bedrock. 

GRADING  AND  SOILS 

Most  of  the  bedrock  and  surficial  geologic  units  can  easily  be 
excavated  and  remolded  as  fill  with  modern  grading  equipment.   Heavy 
ripping  and  some  blasting  may,  however,  be  required  in  the  well- 
indurated  and  well-cemented  facies  of  the  San  Onofre  Breccia  and  the 
Topanga  and  Capistrano  Formations. 
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Soils  derived  from  the  Monterey  Formation,  much  of  the  Capistrano 
Formation,  and  the  San  Onofre  Breccia  are  moderately  to  highly  expansive. 
Much  of  the  bedrock  of  these  formations,  when  disaggregated  by  grading 
equipment  for  use  as  fill,  is  also  slightly  to  moderately  expansive. 
To  reduce  cracking  and  other  adverse  effects  of  expansion  on  foundations, 
special  engineering  designs  are  commonly  required  in  construction, 
including  the  use  of  reinforcing  steel  in  foundations,  drainage  control 
devices,  over- excavation  and  backfilling  with  non-expansive  soils,  etc. 

FLOODING 

The  major  drainage  courses  in  the  Dana  Point  quadrangle  are; 
Segunda  Deshecha  CdJfada  (mouth  only).  Prima  Deshecha  Canada,  Deep 
Canyon  and  Reservoir  Canyon  Ctributaries  joining  San  Juan  Creek  from 
the  southeast  near  its  mouth)  ,  San  Juan  Creek  Cii^cluding  the  mouth  of 
tributary  Trabuco  Creek) ,  and  Salt  Creek  Cincluding  tributary  Arroyo 
Salada  and  two  unnamed  tributaries  from  the  east).  All  are  subject 
to  flooding  during  heavy  rainstorms  or  abnormally  wet  rainy  seasons. 
The  rainy  season  normally  occurs  in  the  late  fall,  winter  and  early 
spring. 

With  the  exception  of  the  San  Juan  and  Trabuco  Creek  systems, 
drainage  systems  are  relatively  small  within  the  area.   Even  if  the 
drainage  basins  are  small,  however,  the  smaller  drainage  courses  are 
now  developing  year-round  flows  due  to  the  increased  irrigation  within 
urban  developments.   The  decreasing  use  of  ground  water  and  the 
increasing  use  of  imported  water  for  irrigation  are  causing  ground 
water  levels  to  rise.  Ultimately,  this  will  reduce  the  amount  of 
rainfall  required  to  produce  flooding  in  drainage  courses.   Each  of  the 
smaller  drainage  systems,  if  their  courses  are  blocked  or  altered  by 
grading,  will  require  adequate  subsurface  drains;  design  requirements 
should  be  based  on  watershed  size  and  considerations  of  man-induced 
runoff.  The  low  permeabilities  of  most  of  the  local  soils  and  bedrock 
formations  tend  to  induce  heavy  runoff  from  prolonged  heavy  rainfall 
during  an  unusually  wet  winter. 

The  San  Juan  and  Trabuco  Creek  systems  drain  a  large  basin  of 
about  166  square  miles  CNewton,  1960,  p.  20).   In  the  Dana  Point 
quadrangle,  San  Juan  Creek  occupies  a  limited  part  of  a  broad  alluvial 
plain  that  ranges  in  elevation  from  sea  level  to  slightly  above  100 
feet.  All  but  the  upper  one-half  mile  of  San  Juan  Creek  and  all  of 
Trabuco  Creek  within  the  quadrangle  have  been  channelled  between 
concrete- lined  flood  control  embankments.  Existing  flood  control 
facilities,  however,  are  inadequate  to  prevent  widespread  damage 
during  unusually  wet  years.  During  the  1969  storms,  about  1,500  feet 
of  the  northwest  embankment  along  San  Juan  Creek  was  washed  out. 
Flooding  and  erosion  of  part  of  the  alluvial  plain  resulted  in  damage 
to  sewage  lines  and  other,  underground  utilities. 
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Large  waves  generated  by  storms  at  sea,  or  by  seismic  sea  waves 
(tsunamis)  resulting  from  off-shore  earthquake  activity,  could  flood 
large  areas  of  low  elevation  along  the  seacoast.   V\faves  from  six  to 
ten  feet  in  height  are  fairly  common  and  may  arrive  at  the  coastline 
during  almost  any  season  of  the  year  (Newton,  1960).   Higher  waves 
have  been  reported,  but  accurate  data  relating  to  size  and  frequency 
are  not  available  for  this  part  of  the  coastline.   Storm-generated 
waves  have  periodically  caused  damage  to  structures  built  on  beach 
deposits  south  of  the  mouth  of  San  Juan  Creek  and  have  severely  eroded 
the  beach  (see  Description  of  Surficial  Units).   By  June  1972,  storm 
waves  generated  at  sea  had  washed  over  the  breakwater  at  Dana  Harbor 
at  least  twice  since  its  completion  in  1968. 

FAULTING  AND  SEISMICITY 

Evidence  of  active  faulting  is  not  apparent  within  the  Dana  Point 
quadrangle,  and  all  faults  mapped  during  the  course  of  this  investigation 
appear  to  be  pre-Holocene  in  age.   Nonetheless,  in  1812,  the  Mission  in 
San  Juan  Capistrano  was  nearly  destroyed  and  people  were  killed  as  a 
result  of  earthquake  shaking.   This  earthquake  episode  was,  it  is 
believed,  related  to  movement  along  either  the  Newport- Inglewood  fault 
zone,  about  three  miles  offshore  from  Dana  Point,  or  the  Elsinore  fault 
zone  that  lies  outside  of  the  Dana  Point  quadrangle.   Although  no  major 
damage  was  reported  within  the  quadrangle  during  the  1933  Long  Beach 
Earthquake  (magnitude  6.4)  or  the  1971  San  Fernando  Earthquake 
(magnitude  6.4),  several  active  fault  systems  in  southern  California 
appear  to  be  sufficiently  close  to  produce  damaging  earth  shaking.   Tlie 
recurrence  interval  for  earthquakes  with  epicenters  close  enough  to 
cause  significant  damage  to  structures  within  the  quadrangle  is  unknown, 
but  the  event  of  1812  would  certainly  indicate  that  a  seismic  risk 
situation  exists  within  the  area. 

Epicenters  of  five  minor  earthquakes  have  been  located  within  the 
Dana  Point  quadrangle  during  the  period  1934  through  1971  (California 
Institute  of  Technology,  written  communication,  1972).   A  3.5  magnitude 
quake  occurred  immediately  south  of  San  Juan  Capistrano  on  March  3,  1952. 
A  3.1  magnitude  earthquake  was  recorded  on  February  13,  1967  about  one 
mile  offshore  and  south  of  Capistrano  Beach.   On  July  26,  1970  about 
1  1/2  miles  offshore  and  west  of  Dana  Point,  another  3.1  magnitude 
earthquake  was  noted.   On  July  31,  1937  an  earthquake  of  magnitude  2 
was  recorded  at  sea  in  the  extreme  northwest  corner  of  the  quadrangle 
and  about  half  a  mile  west  of  South  Laguna.   Another  magnitude  2 
earthquake  was  located  about  four  miles  southwest  of  Dana  Point  on 
September  9,  1936. 

Numerous  small  earthquakes  having  magnitudes  as  great  as  5.5  have 
been  recorded  outside  of,  but  within  a  20-mile  radius  of,  the  Dana 
Point  quadrangle  between  1934  and  1972.   These  were  probably  related 
to  adjustments  along  faults  lying  within  this  region.   During  this  time, 
none  of  these  movements  had  produced  an  earthquake  with  magnitudes 
greater  than  the  Long  Beach  Earthquake  of  1933  and  no  surface  rupturing 
has  been  reported. 
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Finally,  in  considering  future  building  within  the  area,  it  should 
be  noted  that  earthquakes  tend  to  cause  greater  damage  to  buildings  and 
structures  founded  on  poorly  consolidated  materials,  such  as  landslide 
deposits,  stream  alluvium,  and  slopewash.   V\[eak  sedimentary  rocks,  such 
as  the  deeply  weathered  or  fractured  siltstone  and  shale  of  the  Monterey 
and  Capistrano  Formations, also  constitute  relatively  poor  foundation 
materials.   Ground  surface  failure  due  to  differential  settlement  of 
poorly-consolidated  sediments  or  artificial  fill,  and  landslide  debris 
could  occur  during  severe  shaking.   Liquefaction-type  ground  failure 
could  also  occur  in  saturated,  poorly  consolidated  sediments  and  in 
poorly  consolidated  sediments  in  which  ground  water  levels  are  close  to 
ground  surface.   No  such  ground  surface  failures,  however,  have  been 
documented  within  "the  Dana  Point  quadrangle  during  historic  earthquakes. 
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DESCRIPTION  OF  BEDROCK  UNITS* 

NIGUEL  FORMATION;     Map  designation;   Tn;  marine. 
Material : 

Sandstone:     fine  grained,  white  to  light  gray  and  dusky  yellow, 
friable  to  weakly  cemented,  poorly  bedded,  moderately  well  sorted, 
micaceous,  moderately  permeable,  interbedded  with 

Sandy  siltstone:     fine  grained,  medium  gray,  poorly  bedded  to 
massive,  slightly  to  moderately  permeable,  and 

Conglomerate:     pebble  to  cobble,  mostly  moderate  brown  to  moderate 
yellowish  brown,  uncemented  to  weakly  cemented,  poorly  consolidated, 
mostly  sandy  matrix  but  locally  expansive  clay  matrix,  moderately  to 
highly  permeable. 

The  Niguel  Formation,  named  by  Vedder,  et  al . ,  1957,  from  the 
Niguel  land  grant  in  the  San  Juan  Capistrano  quadrangle,  has  its  type 
area  immediately  west  of  the  old  Galivan  overpass  on  old  U.S.  Highway 
101  (now  the  vicinity  of  the  Oso  Parkway  interchange  on  the  San  Diego 
Freeway- Interstate  405)  about  4  1/2  miles  north  of  San  Juan  Capistrano. 
As  defined  by  Vedder,  et  al.   (1957],  the  Niguel  Formation  includes 
rocks  previously  mapped  by  Woodford   (1925) ,  as  parts  of  the  San  Mateo 
Formation  and  Capistrano  Formation. 

The  Niguel  Formation  is  reported  to  contain  a  molluscan  fauna  of 
Pliocene  age  (Vedder,  et  al . ,  1957,  and  Vedder,  1960)  and  to  have  a 
regional  maximum  thickness  of  about  350  feet. 

The  Niguel  Formation,  within  the  Dana  Point  quadrangle,  is  limited 
to  the  capping  of  a  few  ridges  and  rounded  peaks.  These  remnants  range 
in  thickness  from  20  to  150  feet,  and  they  unconformably  overlie  the 
Capistrano  Formation.   The  conglomerate  facies  is  generally  at,  or 
near  the  base  of  the  Niguel  Formation.   It  contains  clasts  of  volcanic 
and  metavolcanic  rocks,  granodiorite,  quartz  diorite  and  quart zite  with 
minor  amounts  of  calcareous  and  phosphatic  nodules.  The  conglomerate 
is  locally  absent.   A  well -cemented,  fossiliferous  basal  sandstone  is 
rare  within  the  Dana  Point  quadrangle.   The  Niguel  Formation  is  locally 
gypsiferous  and  crystals  of  fine-grained  gypsum  commonly  line  joints 
and  fractures,  especially  in  the  siltstone  facies.  Minor  beds,  lenses 
and  nodules  of  light-gray  calcareous  shale  and  pale-brown  phosphatic 
shale  may  also  be  present  in  places  within  the  formation. 

Bedrock  of  the  Niguel  Formation  is  generally  flat-lying  and 
undeformed.   Bedding  dips  gently  toward  the  south  and  southwest. 
Niguel  Formation  terrain  is  typically  moderately  rounded,  but  with 
slightly  steeper  slopes  than  those  of  the  underlying  Capistrano 
Formation.  Outcrops  are  rare,  occurring  mostly  in  steepsided  gullies. 
The  vegetation  commonly  associated  with  the  Niguel  Formation  is 
mainly  a  sparse  to  moderate  grass  cover  with  some  brush  and  cacti, 
mostly  prickly  pear  and  cholla. 

*Csee  Appendix  B  for  physical  properties  including  rippability,  soil 
classification,  expansivity  and  consolidation  potential) 
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Tlie  Niguel  Formation  bedrock  is  generally  very  stable,  even  though 
commonly  affected  by  gully  and  sheet  wash  erosion,  especially  on  freshly 
exposed  surfaces.   The  soils  developed  on  the  Niguel  Formation  are 
generally  one  to  two  feet  thick  and  nonexpansive  (sandstone  and  sandy 
conglomerate)  to  moderately  expansive  (siltstone  and  conglomerate  with 
clayey  matrix) .   These  soils  range  from  moderate  yellowish  brown  to 
grayish  brown,  fine  sandy  to  clayey  silt  to  silty  clay.  Moderate 
reddish  brown  to  moderate  brown  sandy  clay  with  gravel  soils  are 
developed  on  the  basal  conglomerate.   Slopewash,  which  is  not  widespread 
on  the  Niguel  Formation  is  similar  to  the  soils,  but  somewhat  coarser, 
less  compact  and  more  porous.   Niguel  Formation  bedrock  is  mostly  fair 
to  good  for  fill  and  generally  easily  ripped  and  graded. 

CAPISTRANO  FORMATION;     Map  designation;   Tc;  marine. 
Material ; 

Siltstone J   muds  tone  3   and  silty  shale:      (Tc  and  Tc   )  medium  to 
dark  gray  and  brownish  gray  to  dark  greenish  gray,  poorly  to  moderately 
consolidated,  massive  to  moderately  fissile,  micaceous,  slightly 
permeable; 

Sandstone:      CTc^g)  fine  to  medium  grained,  angular  to  subrounded, 
moderate  yellowish  brown  to  pale  yellowish  brown  and  medium  gray  to 
light  gray,  weakly  cemented,  poorly  to  moderately  well  sorted,  massive 
to  poorly  bedded,  moderately  to  highly  permeable; 

Diatomaaeous  siltstone  and  shale:      (Tc^jgi-g)  white  to  medium  gray 
and  brownish  gray,  soft,  very  porous,  low  density,  fissile  (commonly 
with  white  partings),  moderately  permeable; 

Sandstone  and  breooia:      (Tcgs+bc)  coarse  grain;  angular  to  rounded 
pebbles  and  cobbles  of  granodiorite,  quartz  diorite,  volcanic  and 
metavolcanic  rocks,  quartzite,  blue  and  green  schists,  siltstone, 
calcareous  shale,  and  slabs  and  lenses  of  calcareous  and  ferruginous 
cemented  breccia  and  sandstone;  moderate  yellowish  brown  to  pale 
yellowish  brown;  massive  to  poorly  bedded  with  lenses  of  poorly  graded 
gravel  and  interbeds  of  well-graded  sand  and  silt;  weakly  cemented  to 
friable,  moderately  permeable. 

The  Capistrano  Formation  was  named  for  exposures  in  the  San  Juan 
Capistrano  area  by  Woodford  C1925) ,  on  the  basis  of  lithological 
differences  in  the  typically  light-colored  shales  of  the  Monterey 
Formation.   White  (1952)  confirmed  the  late  Miocene  and  early  Pliocene 
age  of  the  Capistrano  Formation  and  suggested  following  notations  in 
stratigraphic  sections  of  Bramlette   (1946) ,  a  correlation  between 
the  Miocene  section  and  the  Malaga  Mudstone  Member  of  the  Monterey 
Formation  (Woodring,  et  al . ,  1936,  p.  146).   He  proposed  that  the 
Pliocene  section,  mainly  siltstone  and  fine  grained  sandstone,  be 
correlated  with  and  named  the  Repetto  Formation  as  in  the  Los  Angeles 
Basin.  However,  this  renaming  of  the  Pliocene  section  of  the  Capistrano 
Formation  has  not  found  favor,  probably  because,  as  White  himself 
noted,  "the  contact  appears  to  be  gradational . . ."  and  "...  obscured 
over  much  of  the  area  by  vegetation  or  soil  cover..."  (White,  1952, 
p.  14-15).  Vedder,  et  al.  C1957)  subsequently  noted  that  some  rocks 
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previously  mapped  as  part  of  the  Capistrano  Formation  were  separated 
from  beds  of  the  typical  Capistrano  lithology  by  an  erosional  and 
slight  angular  unconformity.   As  previously  noted,  these  rocks  of  the 
overlying  unit  were  named  the  Niguel  Formation. 

The  Capistrano  Formation  west  of  Oso  Creek  in  the  San  Juan 
Capistrano  quadrangle  is  unconformable  on  the  Monterey  Formation 
(Smith,  1960,  p.  475-476  and  478).   Eixposures  of  the  contact  within 
the  Dana  Point  quadrangle  are  poor  and  do  not  clearly  show  this 
relationship.   Neblett  (1966,  p.  30)  states  that  the  contact  appears 
conformable  in  the  Dana  Point  area.   The  presence,  in  the  Monterey 
Formation,  of  undulating  bedding  seldom  seen  in  the  Capistrano;  the 
presence  in  places  of  angular  discordances  of  bedding  attitudes  in 
the  two  formations  in  the  vicinity  of  Salt  Creek;  and  the  sporadic 
deposition  of  sandstone  and  breccia  at  and  near  the  base  of  the 
Capistrano  Formation  suggests  at  least  local  unconformities  at  the 
contact . 

The  Capistrano  Formation  contains  an  upper  Miocene  microfauna  of 
the  upper  C?)  Mohnian  stage  CSmith,  1960,  p.  467  and  479),  and  of  the 
Delmontian  stage   (White,  1952,  p.  11-13)  and  a  lower  Pliocene  fauna 
of  the  upper  Repettian  stage  (White,  1952,  p.  16). 

The  maximum  thickness  of  the  Capistrano  Formation  in  the  region 
is  about  2,400  feet  (Yerkes,  et  al , ,  1965)  and  the  greatest  thickness 
within  the  Dana  Point  quadrangle  is  nearly  the  same. 

Coarse  sandstone  and  breccia  (Tcss+bc)  are  exposed  within  the 
Capistrano  Formation  in  the  sea  cliff  and  several  inland  portions  of 
Dana  Point.   They  occur  in  two  major  bodies,  probably  originating  as 
deep-sea  fan  channels,  which  were  eroded  and  then  filled  by  sandy  and 
rocky  debris  flowing  in  turbidity  currents,  or  as  bed  load  material  in 
channelled  bottom  currents,  during  late  Miocene  time  (Bartow,  1964, 
Bartow,  1966,  Normark  and  Piper,  1969,  and  Piper  and  Normark,  1971). 
The  lithology  of  these  deposits  is  described  above  as  sandstone  and 
breccia  (Tcss+bc) •   They  locally  contain  flame  structures.   These  rocks 
dip  as  steeply  as  35  degrees  to  the  north  and  northeast  similar  to 
adjacent  and  interfingering  siltstone  beds  of  the  Capistrano  Formation. 
These  deposits  are  similar  in  physical  appearance  to  rocks  exposed  at 
San  Clemente  Beach  Park.   Although  the  San  Clement e  exposures  were 
mapped  as  part  of  Woodford's  (1925)  San  Mateo  Formation  of  Pliocene 
age  (Blanc  and  Cleveland,  1968,  p.  12  and  map  legend),  more  recent 
studies  indicate  that  they  are  also  a  part  of  the  Capistrano  Formation 
of  late  Miocene  age  (O.E.  Weser,  in  Bergen,  1971,  and  J.G.  Vedder, 
personal  communication) . 

The  Capistrano  Formation  dips  gently  to  the  north  and  northeast 
except  in  the  northeastern  part  of  the  quadrangle  where  bedding  dips 
gently  toward  the  west.   It  contains  concretionary  lenses  and  locally 
continuous  beds  of  pale  yellowish  brown  to  dark-gray,  hard  calcareous 
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shale  and  limestone,  as  jBuch  as  three  feet  thick.   Fractures^  bedding 
planes  and  joints  are  coraraonly  stained  moderate  brown  to  moderate 
yellow  or  filled  with  crystals  of  gypsum. 

The  Capistrano  Formation  terrain  is  typically  rounded.   It 
generally  has  slightly  steeper  slopes  than  those  of  the  underlying 
Monterey  Formation  and  slightly  less  steep  than  those  of  the  overlying 
Niguel  Formation.   It  commonly  has  steep  sided,  incised,  tributary 
canyons.   Vegetation  associated  with  the  Capistrano  Formation  is 
mostly  a  light  to  moderate  growth  of  grass  and  low  brush  with  some 
cacti  and  locally  abundant  mustard. 

The  Capistrano  Formation  is  mostly  soft,  poorly  consolidated  rock, 
subject  to  creep  and  massive  failures  even  in  areas  of  low  relief.   Slope 
failures  occur  both  along  and  across  bedding  planes  as  rotational  slumps, 
block-glides  and  rockfalls.   Bedding  plane  landslides  (block-glides) 
occur  mostly  in  the  area  where  exposed  bedding  planes  have  been  in  the 
shaly  facies,  mainly  found  in  the  lower  part  of  the  formation.   Rockfalls 
occur  primarily  from  the  steep  seacliff  along  Highway  1  between 
Capistrano  Beach  and  San  Clemente.   The  rock  falls  are  due  to  failures 
along  exposed  steeply  dipping  joints  that  strike  parallel  to  the  cliff 
face  and  define  large  blocks  of  shale  of  the  Capistrano  Formation. 

Steep  slopes  were  formed  by  rapid  incision  of  intermittent  streams 
in  tributary  canyons,  as  the  result  of  the  lowering  of  the  local  base 
level  during  late  Pleistocene  or  early  Holocene  times.   These  slopes 
are  generally  unstable  and  may  lack  protective  vegetation  because  of 
continual  sloughing.   Deep  gullying  within  the  Capistrano  Formation  is 
common,  especially  on  freshly  exposed  surfaces  and  in  sheared  zones. 
This  gullying  leads  to  further  instability  of  the  oversteepened  slopes. 

Gypsum  and  mica  are  planar  structured  minerals  having  low  shear 
strength  across  their  cleavage.   The  presence  of  these  minerals  in 
significant  quantities  in  the  Capistrano  Formation  contributes  to  the 
general  instability  of  the  bedrock  and  its  soils.   Underground  drainage 
commonly  forms  by  piping  along  fractures,  joints  and  bedding.   Eventual 
failure  of  the  overlying  siltstone  and  soil  forms  collapse  structures 
as  deep  as  20  feet  and  as  broad  as  ten  feet  in  diameter  (Neblett,  1966, 
p.  31-32). 

VVeathering  of  the  Capistrano  Formation  is  generally  deep  and 
earthflow  slope  failures  are  common  on  gentle  to  moderately  steep 
slopes.   The  earthflows  are  seldom  more  than  three  to  five  feet  thick 
and  typically  include  weathered  rock  debris  with  the  upper  soils. 
Earthflows  can  cause  considerable  damage  to  structures  when  they  occur. 
Although  not  thick,  these  earthflows  are  difficult  to  stabilize  and 
frequently  lead  to  deeper  failures. 


12 


1974  DANA  POINT  QUADRANGLE 


The  sandier  materials  of  the  Capistrano  Formation  make  ^ood 
artificial  fill  but  the  typical  siltstone  and  raudstone  are  relatively 
poor  fill  material  due  to  tlieir  expansive  nature,  poor  drainage 
characteristics,  and  relatively  poor  compactability .   The  diatomaceous 
siltstone  and  shale  make  poor  fill  because  of  their  low  density,  high 
porosity,  poor  drainage,  and  poor  compactability. 

Soils  ("A"  and  "B"  horizons)  developed  on  the  Capistrano  Formation 
are  generally  dark  gray  to  grayish  brown,  moderately  expansive,  slightly 
organic,  silty  to  sandy  clay,  ranging  in  thickness  from  a  few  inches  to 
two  or  three  feet.   The  weathered  zone  ("C"  horizon)  in  the  siltstone 
and  mudstone  commonly  extends  20  or  more  feet  below  ground  surface. 
Soils  developed  on  the  sandstone  and  sandy  siltstone  of  the  Capistrano 
Formation  are  generally  about  one  foot  thick,  moderate  yellowish  brown 
to  grayish  brown,  slightly  expansive  to  non-expansive  silty  to  clayey 
sand,  silt  and  silty  clay.   Slopewash  developed  primarily  from  siltstone 
and  mudstone  of  the  Capistrano  Formation  may  range  in  thickness  from 
an  estimated  three  feet  to  more  than  ten  feet.   Slopewash  materials 
are  generally  yellowish  brown  to  grayish  brown,  moderately  expansive, 
poorly  compacted,  porous,  fine  sandy  to  silty  clay  or  clayey  silt  of 
low  to  moderate  permeability.   Areas  of  deep  slopewash  are  common  on 
many  of  the  larger  landslide  masses. 

MONTEREY  FORMATION;     Map  designation;   Tm;  marine. 
Material ; 

Diatomaceous  shale:     white  to  light  gray,  soft,  fissile;  inter- 
bedded  with, 

Silty  shale  and  siltstone:     pale  brown  to  dusky  yellow  and  light 
olive  gray,  soft,  porous,  gypsiferous; 

Siliceous  shale:     pale  olive  to  light  olive  gray,  dense,  hard, 
thin  bedded; 

Chert:      light  gray  to  black  and  brownish  black,  hard,  thin  bedded; 
and. 

Limestone  and  calcareous  shale:     light  olive  gray  and  grayish 
brown  to  dark  gray,  dense,  hard,  in  thin  beds  and  lenses. 

The  soils  and  bedrock  of  the  Monterey  Formation  generally  have 
poor  drainage  and  low  permeability,  but  deep  penetration  of  surface 
waters  occurs  through  extensive  shrinkage  cracks  in  the  expansive 
soils  and  fractures  in  the  bedrock,  especially  in  the  areas  of  sharp 
folding  covered  by  marine  terrace  deposits.   Seepage  from  fractures 
and  along  folded  bedding  planes  is  common  along  the  base  of  the  sea  cliff 
northwest  of  Dana  Point  and  may  occur  elsewhere. 

The  Monterey  Formation  is  a  widespread  group  of  predominantly 
highly  siliceous  shales  deposited  during  Miocene  time  in  a  marine 
environment.   The  formation  was  named  for  exposures  near  Monterey, 
California.   The  name  has  subsequently  been  applied  to  rocks  of  similar 
age  and  lithology  which  are  exposed  from  north  of  San  Francisco  to 
south  of  Los  Angeles   (Bramlette,  1946,  p.  2). 
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The  Monterey  Formation  in  the  Dana  Point  quadrangle  conformably 
overlies  and,  in  places,  appears  to  interfinger  with  the  San  Onofre 
Breccia.   Most  of  the  Monterey  Formation  is  considered  to  be  younger 
than  the  San  Onofre  Breccia,  but  beds  and  lenses  of  schists  and  other 
metamorphic  rock  debris  typical  of  the  San  Onofre  Breccia  were  emplaced 
within  the  white  shales  of  the  Monterey  Formation.   The  most  nbtable  of 
these  debris  lenses  is  exposed  in  the  sea  cliff  between  Salt  Creek  and 
Dana  Point  (Woodford,  1925,  p.  212-214),   This  outcrop  has  been  mapped 
in  this  study  as  San  Onofre  Breccia  mainly  because  the  physical 
characteristics  of  the  rock  more  closely  resemble  those  of  the  San 
Onofre  Breccia  than  those  of  the  shales  of  the  Monterey  Formations. 

The  Monterey  Formation  within  the  Dana  Point  quadrangle  appears 
to  be  unconformably  overlain  by  the  Capistrano  Formation  and  is  generally 
much  more  sharply  folded  and  deformed  than  the  Capistrano  Formation  in 
most  localities.   Bedding  is  commonly  undulating  to  sharply  folded  and 
v\rell -fractured. 

The  Monterey  Formation  in  this  region,  specifically  in  the  adjacent 
San  Juan  Capistrano  quadrangle,  is  considered  to  be  middle  to  late 
Miocene  on  the  basis  of  Luisian  and  lower  Mohnian  microfauna  (Smith, 
1960,  p.  463) . 

The  Monterey  Formation  is  reported  to  be  about  575  feet  in 
thickness  at  the  sea  cliff  between  Salt  Creek  and  Dana  Point  (Woodford, 
1925,  p.  212-214).   The  maximum  section  noted  in  the  Dana  Point  quadrangle 
during  this  study,  however,  was  about  550  feet. 

The  regional  dip  of  the  Monterey  Formation  along  Arroyo  Salada, 
near  the  northern  edge  of  the  Dana  Point  quadrangle,  is  about  20 
degrees  toward  the  east,  reflecting  the  presence  of  the  west  limb  of 
the  Capistrano  syncline.   Between  Dana  Point  and  Salt  Creek,  the 
Monterey  Formation  has  undergone  severe  deformation,  resulting  in  about 
15  folds  with  short  wave  length  and  relatively  high  amplitude  within 
a  thousand  foot  length  of  the  sea  cliff.   The  amplitude  of  folding 
ranges  from  about  ten  to  50  or  more  feet.   To  the  northeast  a  wedge 
shaped  fault  block  occupies  the  area  at  the  junction  of  Salt  Creek 
and  Arroyo  Salada. 

The  Monterey  Formation  terrain  generally  has  gentle  slopes  and 
well  rounded  and  subdued  hills.   The  Monterey  Formation  crops  out  only 
in  the  northwestern  part  of  the  quadrangle  and  occurs  in  relatively 
narrow  bands.   Extensive  creep  and  a  few  large  slope  failures  are 
evident  in  this  area,  particularly  in  the  sea  cliff  northwest  of  Dana 
Point.   Vegetation  is  moderately  heavy,  but  nearly  always  restricted 
to  weeds  and  grasses,  including  abundant  mustard. 

The  Monterey  Formation  is  generally  weak  and  unstable  because  of 
its  high  porosity,  low  density  and  poor  drainage.   It  has  a  fissile 
structure,  with  soft  clayey  beds  interposed  between  thin  more  competent 
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beds.   Water  penetrates  deeply  into  its  platy  structure  through  cracks 

in  expansive  soils  and  numerous  joints  and  fractures  in  the  rock. 

Shear  strength  of  tlie  rock  is  greatly  reduced  by  an  increase  in  moisture. 

Both  bedrock  and  soils  of  tiie  Monterey  Formation  make  generally 
poor  quality  fill  material  due  to  low  density,  high  porosity,  poor 
drainage  characteristics,  abundance  of  expansive  clays  and  poor 
compactabil ity . 

Soils  developed  on  the  Monterey  Formation  are  generally  dark  gray 
to  black,  moderately  to  highly  expansive,  and  contain  slightly  organic 
lean  clays  with  a  relatively  high  plasticity  and  liquid  limit,  often 
approacliing  the  fat  clay  classification.   These  soils  are  commonly 
about  tliree  feet  thick.   Slopewash  developed  mainly  from  the  Ilonterey 
Formation  is  as  much  as  ten  feet  thick,  but  is  not  widespread  within 
the  Dana  Point  quadrangle.   It  is  generally  grayish  brown  to  dark  gray, 
moderately  to  liighly  expansive,  poorly  compacted,  porous,  silty  clay, 
conmionly  with  relatively  higli  plasticity,  and  of  low  to  medium 
permeability. 

SAN  ONOFRE  BRECCIA;     Map  designation;   Tso;  marine. 

Material : 

Sandy  conglomerate  and  sandy  hreoaia:     dusky  yellow  to  moderate 
yellowish  brown  and  medium  bluish  gray  to  dark  greenish  gray  and  medium 
gray,  fine  to  very  coarse,  massive  to  poorly  bedded,  poorly  to  well 
sorted,  poorly  to  well  cemented,  slightly  to  moderately  permeable; 

Earthy  conglomerate  and  earthy  breccia:     moderate  brown  to  dark 
reddish  brown,  fine  to  very  coarse,  massive  to  thick  bedded,  poorly 
sorted,  poorly  cemented,  clayey,  slightly  permeable;  and. 

Sandstone  and  conglomeratic  sandstone:     dusky  yellow  to  moderate 
yellowish  brown  and  medium  gray  to  greenish  gray,  fine  to  coarse  grain, 
angular  to  subrounded  grains,  angular  to  rounded  pebbles,  thick  bedded 
to  lenticular,  poorly  to  well  sorted,  poorly  to  well  cemented,  moderately 
permeable. 

The  San  Onofre  Breccia  is  characterized  by  abrupt  lateral  and 
vertical  changes  from  sandy  to  earthy  matrices  and  widely  varying 
dominant  and  maximum  sizes  of  clasts  ranging  from  small  pebbles  to 
huge  blocks  as  large  as  12  feet  in  maximum  dimension.   The  clasts 
include  quartzite,  quartz  schist,  quartz  albite  schist,  blue  and 
green  schists  rich  in  amphiboles  and  saussuritized  gabbro  ranging 
in  size  from  fine  to  coarse,  angular  to  rounded  sand,  pebbles  and 
cobbles  to  angular  to  subrounded  boulders  up  to  five  feet  in  the 
smallest  dimension. 

The  San  Onofre  Breccia  appears  locally  to  interfinger  with  parts 
of  the  predominantly  younger  Monterey  Formation  and  is  conformable  with 
the  underlying  Topanga  Formation  within  the  Dana  Point  quadrangle.   A 
few  identifiable  fossils  suggestive  of  tlie  middle  I-Iiocene  have  been 
found  in  the  San  Onofre  Breccia  (V/oodford,  1925,  p.  205-209;  Vedder,  rn 
Bergen,  1971,  p.  16-17).   The  maximum  section  of  San  Onofre  Breccia 
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measured  by  Woodford  is  2,610  feet  in  the  sea  cliff  southeast  of 
Laguna  Beach  a  few  jniles  northwest  of  the  Dana  Point  quadrangle 
(Woodford,  1925,  p.  185).   Exposures  within  the  Dana  Point  quadrangle 
indicate  the  section  locally  is  at  least  1,000  feet  thick 

Rocks  of  the  San  Onofre  Breccia  are  deformed  mainly  by  faulting 
and  by  many  shears  of  little  apparent  displacement.   Both  phenomena 
are  widespread,  but  are  generally  notable  only  in  cut  faces  and  in 
the  sea  cliff.   The  minor  faults  and  shears  are  generally  not  traceable 
into  the  overlying  terrace  deposits  or  into  adjacent  younger  formations 
suggesting  tliat  most  are  penecontemporaneous  structures.   One  possible 
exception  occurs  at  tlie  western  end  of  Dana  Point  where  marine  terrace 
(Qtmj)  may  have  been  displaced  about  four  feet  vertically.   The  exposure 
there  is  poor,  however,  and  the  apparent  displacement  may  be  due  to 
draping  of  the  terrace  over  a  differentially  eroded  surface. 

Tlie  San  Onofre  Breccia  is  generally  stable  because  it  is  mostly 
well  cemented  and  composed  of  conglomerate  and  sandstone  which  resist 
erosion  and  sliding.   Rocks  in  shear  zones  are  susceptible  to  more 
rapid  erosion.   This  is  especially  notable  along  the  base  of  the  sea 
cliff  where  small  sea  caves  and  arches  have  been  formed  along  shears 
by  wave  action.   The  chaotic  and  massive  structure  of  much  of  the 
San  Onofre  Breccia  provides  additional  stability  to  the  formation. 

Only  a  fe\J   small  landslides  were  noted  within  the  San  Onofre  Breccia 
in  the  Dana  Point  quadrangle.   A  large  landslide  is  in  the  sea  cliff 
about  two  miles  northwest  of  Dana  Point.   A  block,  about  an  acre  in 
size  and  partly  bounded  by  a  fault,  slid  on  daylighted  bedding  planes 
and  broke  into  smaller  blocks.   The  landslide  was  reactivated  during 
the  1969  rainstorms  and  several  nearby  houses  close  to  the  sea  cliff 
were  endangered. 

Grading  in  the  San  Onofre  Breccia  varies  greatly  from  relatively 
easy  to  difficult,  with  occasional  blasting  required,  depending  upon 
the  degree  of  weathering  and  cementing  and  the  size  of  clasts.   Some 
cemented  zones  in  the  sandstone  facies  require  heavy  ripping  and 
blasting.   Special  disposal  is  required  for  the  resulting  large  blocks 
and  for  boulders,  which  are  generally  very  hard  and  dense.   San  Onofre 
Breccia  and  its  soils  generally  make  good  fill  materials.   Fill 
containing  large  cobbles  and  boulders  is  difficult  to  compact  uniformly 
and,  when  derived  from  the  earthy  matrix  facies,  is  moderately  expansive. 

Soils  are  generally  thin,  approaching  three  feet  thick  on  the  lower 
gradient  slopes,  mostly  reddish  brown  to  yellowish  brown,  sandy  and 
gravelly  clay  to  clayey  sand  and  are  slightly  to  moderately  expansive. 
Slopewash  developed  from  the  San  Onofre  Breccia  is  mostly  reddish 
brown  to  moderate  brown  sandy  and  gravelly  clay  as  much  as  six  feet 
thick.   It  accumulates  mostly  along  the  gradient  change  between 
relatively  flat  marine  terraces  and  the  moderately  steep  San  Onofre 
Breccia  terrain.   It  is  generally  moderately  expansive,  poorly  compacted 
and  moderately  permeable. 
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TOFABGA  FORMATION;     Map  designation;   Tt ;  marine, 
Material ; 

Sandstone  and  aonglomeratic  sandstone:   light  gray  to  dusky 
yellow,  medium  to  coarse  grained^  angular  to  subrounded  grains, 
subrounded  to  rounded  pebbles,  massive  to  thick  bedded,  poorly 
sorted,  moderately  well  cemented,  calcareous,  moderately  permeable. 

The  Topanga  Formation  in  the  Dana  Point  quadranlge  is  composed 
mostly  of  quartz  and  feldspar  grains  with  pebbles  of  acid  volcanic  and 
plutonic  rocks.   Other  pebble  clasts  and  many  sand  grains  consist  of 
blue  and  green  schists,  quartz  schists  and  saussuritized  gabbro 
similar  to  those  found  in  the  San  Onofre  Breccia. 

The  Topanga  Formation  is  only  exposed  in  the  Dana  Point  quadrangle 
as  a  lenticular  body  faulted  upward  into  the  San  Onofre  Breccia  section 
in  the  northwestern  part  of  the  quadrangle.   It  is  the  oldest  bedrock 
exposed  within  the  Dana  Point  quadrangle  and  grades  upward  into  the 
San  Onofre  Breccia  in  exposures  in  the  sea  cliff  about  two  miles  to 
the  northwest  in  the  Laguna  Beach  quadrangle.   The  Topanga  Formation 
contains  middle  Miocene  mollusks  and  microfauna  of  the  Relizian  Stage 
in  adjacent  quadrangles  (Woodford,  1925,  p.  180  and  Smith,  1960,  p.  466) 

The  Topanga  Formation  is  reported  to  be  about  7,000  feet  thick  in 
the  San  Joaquin  Hills  (Yerkes,  et  al . ,  1965,  plate  1).   Maximum 
thickness  in  the  Dana  Point  quadrangle  is  unknown  as  its  base  is  not 
exposed,  but  the  section  exposed  in  the  northwestern  portion  on  the 
south  flank  of  Niguel  Hill  is  at  least  140  feet  thick.   Topanga 
Formation  terrane  has  moderately  steep  slopes  (up  to  about  40  degrees) 
with  narrow  ridge  tops.   The  Topanga  Formation  supports  sparse  to 
moderate  brush  growth. 

The  Topanga  Formation  is  generally  stable  within  the  Dana  Point 
quadrangle  because  here  it  is  mostly  moderately  well  cemented  and 
thick-bedded.   Remnants  of  weathered  rock  formed  by  differential 
erosion  are  blocky  to  slabby  in  shape  and  generally  subrounded.   The 
sandstone  is  very  stable,  even  on  relatively  steep  slopes  that  have 
unfavorable  bedding  orientation.   However,  loose  slabs  on  slopes  can 
move  downslope  in  earthflows  or  mudflows  during  and  after  heavy  rains. 

The  Topanga  Formation  sandstone  in  the  Dana  Point  quadrangle  may 
require  heavy  ripping  and  blasting.   Large  hard  blocks  of  rock  resulting 
from  such  grading  techniques  would  require  special  disposal.   Fill 
composed  of  less  cemented  zones  of  the  Topanga  Formation  is  good  in 
quality  and  stability,  except  for  rilling  tendencies.   The  soil  is 
thin  to  non-existent,  moderate  yellowish  brown,  non-expansive,  clayey 
sand.   Slopewash  is  essentially  non-existent. 
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DESCRIPTION  OF  SURFICIAL  UNITS 

ARTIFICIAL  FILL;     Map  designation;  AF. 

Material;   variable  in  physical  properties,  color  and  stability 

depending  upon  the  source  and  construction  methods. 

Artificial  fill  has  been  used  for  highway  embankments,  highway 
road  base,  flood  control  embankments,  valley  fills  and  slope  fills. 
Most  fill  material  is  locally  obtained  and  commonly  exhibits  engineering 
properties  similar  to  its  parent  material.   Artificial  fill  has  been 
mapped  only  where  it  is  significantly  large  enough  to  be  shown  at  a 
scale  of  1:12,000. 

STREAM  ALLUVIUM;     Map  designation;  Qal . 

Material:   sand,  silt,  clay  and  some  gravel;  generally  moderate 
yellowish  brown  to  grayish  brown,  poorly  to  locally  well  sorted, 
permeable,  unconsolidated. 

The  sand  is  composed  mostly  of  angular  to  subrounded,  fine-  to 
coarse-grained  quartz  and  feldspar  with  abundant  grains  of  metavolcanic 
rocks  and  quart zite.   The  gravel  is  composed  mostly  of  granodiorite, 
quartz  diorite,  and  quartzite.  Minor  amounts  of  andesite,  unidentified 
volcanic  and  metavolcanic  rocks,  and  blue  and  green  schists  are  also 
present.   The  fine-grained  alluvium  is  generally  poorly  consolidated 
sandy  silt  to  sandy  clay.   Alluvium  has  been  mapped  only  in  San  Juan 
Creek  and  Trabuco  Creek.   Alluvium  in  the  smaller  drainage  courses  is 
included  with  the  slopewash.   In  San  Juan  Creek  the  alluvium  is  up  to 
200  feet  thick  CStout,  1969,  p.  174-175,  and  Meidav,  1969,  p.  10-11). 

Although  many  of  the  stream  beds  are  dry  during  most  of  the  year, 
groundwater  is  near  the  surface  in  most.   Some  streams  are  developing 
year  round  surface  flow  mainly  due  to  irrigation  within  adjacent  urban 
developments.   CSee  Appendix  A  for  physical  properties  including 
rippability,  soil  classification,  expansivity  and  consolidation 
potential) . 

BEACH  SEDIMENTS;     Map  designation;   Qb. 

Material:   sand,  silty  sand  and  some  gravel;  fine  to  coarse  grained, 
commonly  micaceous,  light  gray,  dusky  yellow  to  pale  yellowish  brown, 
moderately  to  well  sorted,  subangular  to  rounded,  permeable,  unconsol- 
idated.  Some  sandy  fill  is  included  in  this  unit,  especially  in  the 
area  of  Doheny  Beach  State  Park  and  southeastward  of  San  Clemente. 

The  beach  sediments  are  composed  largely  of  sand  sized  quartz, 

feldspars  and  rock  fragments  derived  from  the  stream  alluvium  and 

formations  exposed  along  the  seacoast.   The  beach  sediments  interfinger 

with  the  stream  alluvixim  and  slopewash  where  the  major  drainage  courses 
approach  the  sea. 
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Littoral  currents  carry  the  sediments  southward  alonjg  the  coast 
during  the  winter  and  spring,  and  northward  during  the  summer  and  fall, 
with  the  southern  movement  predominating  in  volume  of  material  transported. 
Winter  storms  generate  waves  which  erode  and  narrow  the  exposed  portion 
of  the  beach.   Sand  accumulates  in  the  underwater  portion  of  the  beach 
until  waves  of  lower  velocity  and  longer  period  return  it  onto  the 
shore  during  the  summer.  However,  some  sand  moves  down  the  coast  to 
other  beaches,  or  seaward  to  irretrievable  depths.   Sands  are  washed 
onto  the  beach  frojn  the  larger  drainage  courses  during  runoff  from 
major  rainstorms;  but  generally  a  deficiency  in  replenishment  of  beach 
sands  has  occurred  historically.   Dams,  lined  flood  control  channels 
and  prolonged  periods  of  below  average  rainfall  with  few  major  rain- 
storms limit  the  movement  of  sand  toward  the  seacoast  (Newton,  1960, 
p.  18-36). 

POND  ALLUVIUM;     Map  designation;   Qalp. 

Material:   silt  and  clay;  dark  gray  to  grayish  brown,  white  and  light 
gray,  laminated,  poorly  consolidated,  derived  mainly  from  siltstone  of 
the  Capistrano  Formation. 

These  deposits  are  as  much  as  ten  feet  thick,  of  Holocene  age, 
situated  upstream  from  small  earthfill  dams,  and  are  of  limited  areal 
extent. 

FAN  ALLUVIUM;     Map  designation;   Qalf. 

Material:   gravel,  sand,  silt  and  clay;  medium  gray,  grayish  brown  to 
moderate  brown,  poorly  sorted,  subangular  to  rounded,  fine  to  coarse 
grained,  relatively  permeable,  poorly  consolidated. 

Fan  alluvium  has  been  mapped  primarily  at  the  mouths  of  tributaries 
of  Salt  Creek  and  San  Juan  Creek.   It  also  occurs  on  landslides  on  the 
south  side  of  San  Juan  Creek  where  it  was  differentiated  on  the  basis 
of  geomorphic  appearance  and  the  abundance  of  coarse  materials.   These 
deposits  are  ten  to  15  feet  thick,  and  of  limited  areal  extent.   They 
interfinger  with  stream  alluvium  and  slopewash. 

SLOPEWASH;     Map  designation;   Qsw. 

Material:   the  slopewash  deposits  are  derived  principally  from  upslope 
bedrock  sources.   Where  the  slopewash  is  derived  from  siltstone  of 
the  Capistrano  Fomiation,  it  is  medium-gray  to  grayish-brown,  poorly 
sorted,  poorly  consolidated,  fine,  sandy  silt  and  silty  clay;  where 
derived  from  San  Onofre  Breccia,  it  is  moderate-yellowish-brown  to 
moderate-brown,  poorly  consolidated  sandy  clay  with  gravel;  where 
derived  from  shale  and  siltstone  of  the  Monterey  Formation,  it  is  black 
and  dark-gray  to  dark-yellowish-brown,  poorly  consolidated  silty  clay 
with  limy  shale  gravel  (see  Description  of  Bedrock  Units] .   All  of 
these  slopewash  deposits  are  moderately  to  highly  permeable. 
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Slopewasli  lias  been  mapped  where  it  is  estimated  to  exceed  three 
feet  in  thickness.   The  deposits  commonly  are  as  much  as  ten  feet 
thick,  but  locally  they  attain  a  thickness  of  40  feet  on  the  large 
slide  masses  along  the  southeast  side  of  San  Juan  Creek.   Slopewash 
deposits  occur  primarily  near  the  heads  of  gullies  and  bases  of 
slopes.   As  mapped,  these  deposits  include  some  stream  alluvium.   In 
such  areas,  the  mapped  unit  contains  scattered  gravel  and  sand  and 
gravel  lenses  derived  from  the  lower  parts  of  nearby  marine  terrace 
deposits  and  the  Niguel  Formation. 

TALUS;     Map  designation;   Qtal. 

Material:   heterogeneous  mixture  of  rock  slabs,  boulders,  cobbles  and 
pebbles,  with  sandy  to  silty  matrix;  mostly  medium  gray  and  moderate 
yellowish  brown  to  moderate  brown;  generally  loose  and  unconsolidated, 
moderately  to  Iiighly  permeable. 

Talus  deposits  are  located  at  the  base  of  sea  cliffs.   Talus  creeps 
and  slides  down-slope  due  to  the  force  of  gravity.   Heavy  rains  cause 
severe  gullying  and  massive  failure  of  talus  deposits.  Undercutting 
by  wave  action,  stream  erosion  or  grading  by  man  also  causes  massive 
failures.   Talus  that  is  not  exposed  to  wave  action  at  the  base  of  old 
sea  cliffs  (e.g.,  along  State  Highway  1  between  Capistrano  Beach  and 
San  Clemente)  protects  slopes  from  active  erosion  and  tends  to  delay 
block  fall  from  the  cliffs. 

LANDSLIDES;     Map  designation;   Qls. 

Material:   variable  in  physical  properties,  color  and  stability  depending 
upon  geologic  unit  involved  in  the  landsliding,  type  of  slope  failure, 
and  distance  and  age  of  movement. 

Landslides  are  numerous  and  widespread,  including  block -glide, 
earthflow,  and  rotational  slump  type  of  failures  (Varnes,  1958,  p.  20-47), 
Planar  features  such  as  joints  and  faults  are  common  failure  surfaces 
in  many  landslides  within  the  quadrangle. 

Most  landslides  are  caused  by  oversteepening  of  slopes  by  stream 
erosion,  infiltration  of  surface  waters  through  shrinkage  cracks  in 
expansive  soils  and  through  more  permeable  overlying  materials,  and 
the  weakening  of  bedrock  by  deep  weathering,  jointing  and  shearing. 
Landslide  morphology  is  typically  hummocky  having  an  adjacent  arcuate 
scarp  or  abruptly  steeper  slope.   The  toe  of  the  landslide  commonly 
crowds,  diverts  or  blocks  a  canyon  or  gully.   Subsurface  drainage 
channels  are  commonly  present.   Large  landslides  commonly  exhibit  more 
youthful  topography  than  adjacent  areas  and  may  contain  undrained 
depressions.   Some  landslides  have  very  subdued  topographic  outlines 
and  are  difficult  to  detect.   Landslide  deposits  are  generally  unstable 
and  poorly  consolidated  to  loose. 

Renewed  movement  of  old  landslides  may  be  initiated  by  the  addition 
of  water  or  by  the  removal  of  either  lateral  or  toe  support.   Scarp 
areas  are  generally  oversteepened  and  prone  to  landsliding.   Severe 
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gullying  of  the  slide  mass  commonly  occurs  during  heavy  rainfalls. 
Some  landslides  include  large  coherent  and,  in  some  formations,  hard 
blocks  which  may  be  mistaken  for  undisturbed  bedrock  during  an 
exploration  and  testing  program. 

STREAM  TERRACE  DEPOSITS;     Map  designation;   Qt . 

Material;   sandy  clay,  gravelly  clay,  some  sandy  silt,  gravel,  and 
silty  sand;  moderate  yellowish  brown  to  moderate  brown  and  moderate 
reddish  brown  to  grayish  brown,  poorly  to  moderately  well  bedded, 
poorly  to  well  sorted,  slightly  to  moderately  permeable,  poorly  to 
moderately  well  consolidated. 

The  sand  is  mostly  quartz  and  feldspars.   The  gravel  includes 
sub-angular  to  rounded  pebbles,  cobbles  and  small  boulders  mostly  of 
granodiorite,  quartz  diorite  and  quartzite  with  minor  amounts  andesite, 
other  volcanic  and  metavolcanic  clasts  and  metamorphic  schistose  debris 
derived  from  the  San  Onofre  Breccia. 

The  stream  terrace  deposits  in  the  Dana  Point  quadrangle  are  as 
much  as  60  feet  thick,  the  greatest  thickness  being  along  the  northwest 
side  of  San  Juan  Creek  (Meidav,  1969,  p.  11-12).   Within  the  stream 
terrace  deposits  are  lenses  and  beds  of  silt,  sand  and  gravel  up  to 
ten  feet  thick.   Basal  contact  with  underlying  rocks  is  generally 
planar  with  local  channeling  and  slopes  gently  toward  the  existing 
stream  courses  and  the  sea.   Near  the  mouth  of  San  Juan  Creek  the 
stream  terrace  interfingers  with  and  is  difficult  to  distinguish  from 
the  nonmarine  terrace  deposits  (Qtn  -  see  below] .   Stream  terrace 
terrain  slopes  gently  to  moderately  toward  the  existing  stream  courses 
and  is  cut  by  moderately  steepsided  tributary  channels.   Irrigation  of 
citrus  and  avocado  groves  along  San  Juan  Creek  and  occasional  heavy 
winter  rains  locally  and  periodically  saturate  these  stream  terrace 
deposits.   Seepage  which  often  results  in  small  surficial  slope 
failures  commonly  occurs  along  the  base  of  the  terrace  deposits.   The 
stream  terrace  deposits  are  otherwise  relatively  stable  unless 
underlain  by  weak  formations  adjacent  to  steep -sided  gullies  or  canyons, 

NONMARINE  TERRACE  DEPOSITS;     Map  designation;   Qtn. 

Material:   silt  and  clay;  brownish  gray  and  grayish  brown  to  moderate 
yellowish  brown,  poorly  bedded,  poorly  sorted,  slightly  permeable, 
well  to  poorly  consolidated.   Pleistocene  to  Holocene  alluvial  cover 
on  marine  terrace  deposits. 

These  deposits  locally  contain  chips  of  hard,  pale-yellowish-brown 
to  white  shale,  are  weakly  cemented  with  limy  and  ferruginous  cements 
and  grade  into  small  stream  channel  deposits  of  pebbles  and  cobbles  of 
milky  quartz  and  varicolored  volcanic  and  metamorphic  rocks. 

These  nonmarine  deposits  are  made  up  of  materials  which  have  been 
accumulating  on  marine  terrace  deposits  since  the  uplift  of  the  terrace 
level  above  sea  level.   They  unconformably  overlie  marine  terrace 
deposits  and  are  locally  interfingered  with  the  stream  terrace  deposits. 
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They  are  commonly  as  much  as  20  feet  thick  and  support  low  steep 
slopes  with  only  minor  sloughing.   Terrain  developed  on  these  deposits 
is  relatively  flat  to  gently  rolling^  mostly  sloping  gently  toward  the 
sea  or  toward  steepsided  drainage  courses.   These  terrace  deposits  are 
numbered  with  subscripts  indicating  relative  levels,  one  being  the 
lowest  in  elevation  (after  the  system  used  by  Vedder,  et  al . ,  1957). 

MARINE  TERRACE  DEPOSITS;      Map  designation;   Qtm. 

Material;   fine  to  coarse  sand,  commonly  with  basal  gravel;  moderate 
yellowish  brown  to  moderate  brown,  faintly  bedded,  cross  bedded, 
moderately  well  sorted,  porous,  highly  permeable,  poorly  consolidated 
to  loose. 

The  sand  grains  and  gravel  clasts  are  subrounded  to  rounded.   These 
deposits  are  locally  weakly  cemented  with  limy  and  ferruginous  cements. 
They  contain  a  few  molluscan  fossils  and  pholad-bored  cobbles.   The 
marine  terrace  deposits  mapped  are  tip  to  50  feet  thick  and  unconformably 
overlie  the  Capistrano  Formation,  the  Monterey  Formation  and  the  San 
Onofre  Breccia.   These  deposits  occur  mostly  at  levels  one,  two  and 
three  of  the  series  of  terrace  deposits  designated  by  subscripts  on 
the  accompanying  geologic  map,  with  one  being  the  lowest  in  elevation. 
Marine  terrace  deposits  up  to  20  feet  thick  unconformably  underlie 
the  nonmarine  terrace  deposits  at  most  levels.   The  basal  contacts 
with  the  bedrock  formations  are  generally  planar  and  slope  very  gently 
south  and  southwest  toward  the  existing  seacoast. 

The  marine  terrace  terrain  is  flat  to  very  gently  rolling  and 
commonly  has  scattered  small  sand  mounds.   The  surfaces  slope  gently 
toward  the  sea  or  toward  the  relatively  steepsided  courses.   These 
deposits  may  be  seasonally  saturated,  especially  near  the  base  where 
seepage  from  irrigation  and  heavy  winter  rains  collects  and  moves 
downslope  toward  the  sea. 
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Appendix  C 

Soil  Classification 

The  classification  used  is  based  upon  the  field  classification 
methods  detailed  in  the  Unified  Soil  Classification  System  as  described 
m  the  Earth  Manual,  Bureau  of  i^eclamation  CHilf,  1968).   Tlie  chart 
reproduced  on  the  following  page  is  taken  from  the  Earth  Manual  as 
modified  by  the  California  Department  of  ^iater  Resources. 

The  classification  used  for  sedimentary  rocks  is  indicative  of 
the  engineering  characteristics  of  a  sample  disaggregated  by  standard 
grading  procedures  for  use  as  fill  material.   In  situ  bedrock  may  have 
engineering  characteristics  different  from  those  of  its  disagc^resated 
state.  ^^  s'^^^^ 
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Appendix   D 

Scale  of  Rippability 

1.  Very  hard  to  hard.   Blasting  necessary  to 
probably  necessary. 

2.  Hard  to  moderately  hard.   Blasting  probably 
necessary  to  rippable  with  difficulty. 

3.  Moderately  hard  to  firm.   Rippable  with 
difficulty  to  easily  ripped. 

4.  Firm  to  soft.   Easily  ripped  to  easily  cut. 


86574—650    7/74    1,500 
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Section     D-D 


Core  Holes  ond  Wells  Drilled  For  Oil 
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GEOLOGIC  MAP  AND  SECTIONS  OF  THE  DANA  POINT  QUADRANGLE, 
ORANGE  COUNTY,  CALIFORNIA 


BY    W.J   Edginqton,  Geologist 

1974 


)  2000  3000  4000 

SCALE  IN  FEET 

CONTOUR   INTERVAL    IS  20  FEET 

DASHED   LINES  REPRESENT  10  FOOT  CONTOURS 

DATUM  IS  MEAN  SEA  LEVEL 


5000  6000  FT. 


TOPOGRfiPMIC  easE  M 


THIS  BOOK   IS  DUE  ON  THE  LAST  DATE 
STAMPED   BELOW 


BOOKS  REQUESTED   BY  ANOTHER  BORROWER 
ARE  SUBJECT  TO  RECALL  AFTER  ONE  WEEK. 
RENEWED   BOOKS  ARE  SUBJECT  TO 
IMMEDIATE  RECALL 


NOV  li  1981 

PHYS  SCI  Lisr 

JUN  3  0  19^1 
MAR  2  6l993ilE{rD 


LIBRARY,   UNIVERSITY  OF  CALIFORNIA,  DAVIS 

D4613   (12/76) 


mm} 

I'M 


ili 


mAi 


fmmin 


00656  9ogg 


himtM 


■i^'^ll^M'!,^ 


i^Mf^im 


TN 
2k 

C3 
A33 

no./o9 


California.  Division  of  Mines  and  Geology. 
Special  report. 


COLI/TE 
1  plate 


PHYSICAL 
SCIENCES 
LIBRARY 


